Context. The sharp-line spectrum of the non-magnetic, main-sequence Bp star HR 6000 has peculiarities that distinguish it from those of the HgMn stars with which it is sometimes associated. The position of the star close to the center of the Lupus 3 molecular cloud, whose estimated age is on the order of 9.1±2.1 Myr, has lead to the hypothesis that the anomalous peculiarities of HR 6000 can be explained by the young age of the star. Aims. Observational material from the Hubble Space Telescope (HST) provides the opportunity to extend the abundance analysis previously performed for the optical region and clarify the properties of this remarkable peculiar star. Our aim was to obtain the atmospheric abundances for all the elements observed in a broad region from 1250 to 10000 Å.
Introduction
The ASTRAL spectral library for hot stars (Ayres 2014) includes observations of the peculiar star HR 6000 (HD 144667), giving us the possibility of studying at high resolution the ultraviolet spectrum of this special peculiar star for the first time after the International Ultraviolet Explorer (IUE) era. The star is anomalous because it does not fit into any of the typical CP subclasses, but seems to combine abundance anomalies from several Bp subtypes (Andersen et al 1984) . A remarkable characteristic is the extreme deficiency of silicon, which makes HR 6000 the most deficient silicon star of the HgMn group, with which it is usually associated.
Peculiarities in the spectrum of HR 6000 were first noted by Bessell & Eggen (1972) , who classified it as a peculiar mainsequence B star with strong P ii lines and weak helium (see also Send offprint requests to: F. Castelli van den Ancker et al. 1996) . This star is the brighter, more massive component of the visual binary system ∆199 or Dunlop 199 (Dunlop 1829). The second component is the Herbig Ae star HR 5999 (HD 144668) (Eggen 1975) . Because the ∆199 double system is located close to the center of the Lupus 3 molecular cloud, which is populated by numerous TTauri stars, it has been assumed that the system is the same age as the cloud, i.e., about (9.1±2.1) Myr (James et al. 2006) . In this case, HR 6000 is a very young peculiar star and its anomalous peculiarity could be explained by its young age. The spectrum of HR 6000 also seems to be polluted by lines of some cool star. The identification of an unshifted Li i line at 6707.7 Å led Castelli& Hubrig (2007) to support the hypothesis from van den Ancker et al. (1996) of the presence of a faint TTauri companion, which could be either physically related to HR 6000 to form a close binary system or located in the foreground of HR 6000.
After recognition of its peculiar nature, the first highresolution studies of the chemical composition of HR 6000 were of an ultraviolet spectrum obtained with IUE in the far and near ultraviolet on March 1979 (Castelli et al. 1981 Castelli et al. 1985) and an optical spectrum observed at ESO with a dispersion of 12 Å mm −1 covering the spectral range λλ 3323−5316 Å (Andersen & Jaschek 1984) .
While very significant qualitative results on the nature of the star were provided from the optical spectra by Andersen et al. (1984) , the quantitative analysis from the IUE spectra (Castelli et al. 1985) has given abundances for almost all the elements observed in the IUE range (1258-1960 Å and 2050-3150 Å) , but with large uncertainties. The quantitative analysis of the IUE spectra was a very difficult task, in particular owing to the rather low resolving power and poor S/N ratio, severe line crowding, and poor quality of the line lists available at that time for computing synthetic spectra. However, the underabundance of several elements (Be, C, N, Mg, Al, Si, S, Sc, Co, Ni, Cu, and Zn) and overabundance of others elements (B, P, Ca, Mn, Fe, and Ga ) were determined. For a few elements, spurious high abundances were assigned owing to several unresolved blended features and unidentified components.
Later on, in a series of papers, Smith (1993; 1994; 1997) and Smith & Dworetsky (1993) published the abundances of selected elements obtained from IUE spectra of a sample of HgMn stars, including HR 6000, which they noted did not fit the typical abundance pattern. They pointed out three additional stars, 33 Gem, 36 Lyn, and 46 Aql, with abundances that depart from the more general behavior observed in the majority of the HgMn class members.
A comparison of the Smith and Smith& Dworetsky results with those from Castelli et al.(1985) for the elements in common ( Mg ii, Cr ii, Mn ii, Fe ii, Ni ii, Zn ii) has shown agreement within the error limits for all the elements except for Zn ii whose abundance was estimated −8.3 dex by Castelli et al (1985) and −9.2 dex by Smith (1994) . We currently adopt an upper limit of −8.84 for Zn.
Several years later, high-resolution optical spectra became available to study HR 6000 in the visual range. Catanzaro et al. (2004) analyzed the 3800-7000 Å region on FEROS spectra observed with 48000 resolving power, while Castelli & Hubrig (2007) and Castelli et al. (2009) studied the 3040-10000 Å region on a spectrum observed at ESO with the Ultraviolet and Visual Echelle Spectrograph (UVES) at a resolving power ranging from 80000 to 110000. The comparison of the abundances derived from the FEROS and UVES spectra were in rather good agreement, with discrepancies larger than 0.3 dex only for He i, Mg ii, and Mn ii. For iron the difference was 0.3 dex. In both analyses there are only upper limits for a few elements. Discordant abundances from the visual and ultraviolet spectra were found for O i, S ii, and Ti ii. In Castelli & Hubrig (2007) several studies on the nature of the star are quoted, included those on variability. While a weak photometric variability was pointed out by van den Ancker et al. (1996) and by Kurtz & Marang (1995) , no spectroscopic variability was evident from the different spectra taken by Andersen & Jaschek (1984) and Castelli & Hubrig (2007) at different epochs and with different instruments.
The Space Telescope Imaging Spectrograph (STIS) ultraviolet spectrum of the ASTRAL library gives us the opportunity to extend the UVES observations to the ultraviolet and supersede the low quality IUE data. The entire range from 1250 to 10000 Å is now covered by high-resolution spectra of HR 6000. The presence of elements not observed in the optical region and elements that are present in the ultraviolet with more ionization states and more lines allow us to improve the investigation of effects related to the atomic diffusion (Michaud 1970) , in particular, vertical abundance stratification.
The first theoretical attempt to point out the effect of abundance stratification on line profiles is from Alecian & Artru (1988) who analyzed the case of the Ga ii resonance line at 1414.401 Å in the atmospheres of Ap stars. Babel (1994) explained the Ca ii profile at 3933 Å observed in Ap stars with the help of a step function of the calcium abundance versus optical depth. Leone & Lanzafame (1997) and Leone (1998) introduced the use of the contribution functions to associate abundances with atmospheric layers. In addition, Leone et al. (1997) and Catanzaro et al. (2016) extended the search for vertical abundance stratification to the ultraviolet.
All the previous studies tell us that in stars with low rotational velocity and no convective motions, such as in HR 6000, vertical abundance stratification for certain elements may be present near the surface. Currently several studies have been performed with the aim of detecting vertical stratification of the abundances. In this context, of particular interest is the VeSE1kA project (Le Blanc et al. 2015) . This paper could add some more information related to the abundance peculiarities observed in HgMn stars.
Observations
HR 6000 is one of the targets included in the Hot Stars part of the HST Cycle 21 "Advanced Spectral Library (ASTRAL)" Project (Ayres 2014; Ayres 2014: GO-13346) . The star was observed several days in October 2014 with moderate and high-resolution echelle settings of STIS. The final spectrum covers the range 1150-3045 Å. The nominal resolving power R ranges from about 30000 to 110000; the S/N ratio typically is greater than 100, approaching 200 in selected regions. We used the final spectrum that resulted from the calibration and merging of the overlapping echelle spectra observed in the different wavelength intervals, as performed by the ASTRAL Science Team 1 .
For this work we analyzed the whole region from 1250 to 3045 Å, using the IRAF tool "continuum" to normalize the observed spectrum to the continuum level. When we compared observed and computed spectra, we tentatively fixed different resolving powers for the different intervals corresponding roughly to major switches in the echelle modes. While the theoretical resolving powers of the moderate-resolution far-ultraviolet E140M and moderate-resolution near-UV E230M echelle modes are 45000 and 30000, respectively (Ayres 2010), measurements of narrow features in the HR 6000 spectrum suggest lower effective resolutions of 30000 and 25000, respectively. However, at the longer wavelengths (> 2300 Å) recorded with the NUV high-resolution echelle E230H, there appears to be little degradation of the theoretical resolving power of 110000. The cause of the resolution decrease for the medium-resolution spectra is unknown, but currently is under investigation. The wavelength scale of the STIS spectra are provided in vacuum for the whole observed region. We converted the wavelength scale of the final spectrum from vacuum to air for the 2000-3040 Å interval.
The analysis
Abundances were determined with the synthetic spectrum method by changing the abundance of a given element until agreement between observed and computed profiles is obtained. We used the SYNTHE code (Kurucz 2005) to compute LTE synthetic spectra when the adopted abundance is constant with depth and a modified version of SYNTHE (Kurucz 2015, private communication) when a vertical abundance stratification is considered for a given element. To be consistent with a previous abundance analysis performed on an UVES optical spectrum by Castelli et al. (2009) , we adopted the same model atmosphere without any modification. It is a plane-parallel, LTE model atmosphere with parameters T eff =13450 K, log g=4.3, and microturbulent velocity ξ=0.0 km s −1 , computed with the ATLAS12 code (Kurucz 2005) for the individual abundances of HR 6000, as derived from the optical spectrum and tabulated in Castelli et al. (2009) . In all the computations the continuous opacity includes the scattering contribution from electron scattering and Rayleigh scattering from neutral hydrogen, neutral helium, and molecular hydrogen H 2 . Hydrogen Rayleigh scattering, which is an important opacity source for modeling Lyman α wings, was computed according to Gavrila (1967) . The other scattering sources are described in Kurucz (1970) . No scattering was considered in the line source function, which was approximated with the Planck function.
The model parameters are updated values from those derived by Castelli & Hubrig (2007) from both Balmer profiles and the Fe i and Fe ii ionization equilibrium. In Castelli et al. (2009) T eff and log g were obtained from Strömgren photometry, from the requirement that there is no correlation between the Fe ii abundances derived from high-and low-excitation lines, and from the constraint of Fe i−Fe ii ionization equilibrium. The only element used to fix the model parameters was iron because other elements were not observed in different ionization degrees in the optical spectrum, except for phosphorous, which was present with P ii and P iii lines. Owing to the larger number of lines and more trustworthy atomic data for both Fe i and Fe ii lines than for phosphorous, in particular P iii, we preferred to use iron to phosphorous for the determination of the model parameters.
As discussed in Castelli et al. (2009) , the Balmer lines were no longer used owing to the several problems related with the UVES spectra in the regions of the Balmer lines.
The computed spectrum was broadened for a rotational velocity vsini=1.5 km s −1 and a Gaussian instrumental profile corresponding to different resolving powers for different intervals, as indicated in Sect. 2. In order to superimpose the observed profiles on the computed profiles the observed spectrum was shifted by a velocity ranging from 0.0 km s −1 at 1250 Å to 2.0 km s −1 at 3040 Å.
The line lists
To compute the synthetic spectrum we adopted as main line list the file gfall05jun16.dat, available on the Kurucz website on June 2016 (K16) (Kurucz 2016) 2 . All the lines arising from observed levels of elements from hydrogen to zinc up to six or more ionization degrees are listed with wavelength, log g f value, excitation potential of upper and lower levels and broadening parameters. The log g f values are taken from the literature, mostly when experimental data are available, otherwise the values are those computed by Kurucz with a semi-empirical method. Castelli et al. 2015) observed in high-resolution stellar spectra but neither measured or classified in laboratory work. They arise from energy levels predicted (approximately) by the theory. The method takes note of coincidences of unidentified stellar spectral lines with the lines arising from a given predicted energy level. After an appropriate energy shift (correction) of the levels, the lines may be considered to be identified, and used in spectral synthesis.
For elements heavier than zinc the Kurucz line lists contain lines taken from the literature. They are mostly lines of neutral and first ionized atoms.
We changed and implemented the line data in the Kurucz line list. The big file gfall05jun16.dat was divided into several smaller files that we then modified. The main changes were made on Cr ii, Cr iii, Mn ii, Mn iii, and Fe ii. For numerous lines of Cr ii and Fe ii, the Kurucz log g f values were replaced by those given in the Fe ii and Cr ii line lists from Raassen & Uylings (1998), which were available some time ago on a website cited by the authors, but it is no longer online. We changed a log g f value from Kurucz only when that from Raassen & Uylings (1998) improved the agreement between the observed and computed spectra. For a few Cr iii lines and several Mn ii, Mn iii, and lines we lowered the Kurucz log g f value when it gave rise to a very strong computed, but unobserved line. We checked these changes by comparing synthetic spectra of the HgMn star HD 175640 and of the normal star ι Her with their STIS spectra.
For other elements we modified the Kurucz line lists by using data taken from the atomic database (version 5) 3 (Kramida et al. 2015) of the National Institute of Standards and Technology (NIST), or from more recent literature. We both modified several log g f values and added lines for Ga i, Ga ii, Ge ii, Zr ii, Ru ii, Rh ii, Pd ii, Ag ii, Cd ii, Sn ii, Os ii, Ir ii, Hg i, and Hg ii. For In ii we only replaced by the NIST values the atomic data of the Kurucz line list for the 1250-3000 Å region. We added lines of Ga iii, As ii, Y iii, Zr iii, Xe i, Xe ii, Yb iii, Pt ii, Pt iii, Au ii, Au iii, Hg iii, and Tl ii. At the moment these ions are left out of the Kurucz line list. References for the modified or added log g f sources of the ions relevant for this paper are given in Table 1 . The complete modified list may be obtained at the Castelli's website 4 .
The abundances
A short description of the elements observed in the ultraviolet spectrum of HR 6000 together with a list of the analyzed lines with the atomic data and the corresponding abundances is given in Appendix A. The average abundance for each element is given in col. 6 of Table 2 , which also displays in successive columns the abundances for HR 6000 determined from spectra observed with different instruments in different ranges and by different researchers, as described in the Introduction. Column 2 of Table 2 lists the abundances derived from the IUE spectra by Castelli et al. (1985) (CCHM85) and col. 3 those obtained from IUE spectra by Smith& Dworetsky (1993) (SD) and Smith (1993; 1994; 1997) Xe ii Yuce et al. 2011 Au ii Fivet et al. 2006; Rosberg et al. (1997) , Biemont et al. (2007) Au iii Enzonga Yoca et al. (2008) , Wyart et al. (1996) Hg ii (2015) and their differences with the HR 6000 abundances. Advancing from column 2 to column 7 one can note the increasing number of elements for which abundances became available with time and the decreasing number of upper limits. In addition to the non-solar abundances for almost all the observed elements, we point out two other types of abundance anomalies as follows: 1. Ionization anomalies, i.e., LTE abundances for some elements that are markedly inconsistent among different ionization states. The most significant abundance differences are pointed out in Table 3 . 2. The considerable line-to-line variation in the derived abundances for C i, N i, Al ii, Si ii, Si iii, Cl i, Ti iii, Mn iii, Sn ii, and Au ii. The large scatter in the abundances can be inferred from the large mean square error associated with the average abundance listed in Table 2 for the considered ion.
In the final spectrum synthesis calculation, it was necessary to adopt single abundances for elements with different abundances for different ionization stages. This is also needed for abundance comparisons with other stars such as in Table 4 . For the light and heavy elements we chose the abundances of the dominant ionization state, except for silicon for which we preferred to adopt the value −7.35 dex obtained from the Si ii lines at 3862.595, 4128.074, and 4130.894 Å. For the iron-group elements we adopted the abundances derived from the first ionization state, if observed, because the log g f values available for this state are usually more critically evaluated than those for the second ionization degree. The difference of these abundances with respect to the solar values are listed in Col. 3 of Table 4 and are plotted in Fig. 1 . Upper limits for Na, Cl, Co, Zn, Ge, Sr, log ǫ1-log ǫ2
Si iv −1.00
and Zr are indicated with an arrow. The figure shows a tendency for the elements from He to Zr to be more or less depleted relative to the Sun, except for Be, P, Ti,Cr, Mn, Fe, Ga, and Y. Instead, the observed heavy elements with atomic number Z ≥ 50 are overabundant, in particular Cd, Xe, and Au, which show enhancements from an order of magnitude of 3 to 4. The adopted abundances were used to compare the chemical composition of HR 6000 with that of other HgMn stars. Ghazaryan & Alecian (2016) presented a compilation of the abundances taken from the most recent literature for a sample of 104 HgMn stars. Table 4 compares the over-and underabundances of HR 6000 with the minimum and maximum abundances of a given element from the Ghazaryan & Alecian (2016) compilation. The table shows that for HR 6000 the most impressive deviation from the abundance peculiarities observed in the other HgMn stars is the underabundance of silicon, followed by the underabundances of cobalt, copper, strontium, and zirconium. We note that the silicon underabundance −1.975 dex and −2.065 dex for the two stars of the HgMn sample from Ghazaryan & Alecian (2016), HD 158704 and HD 35548, are based on the wrong log g f values −0.360 and −1.30 for the two Si ii lines at 4028. 465Å and 4035.278 Å, respectively (Hubrig et al. 1999) . The updated log g f values −2.322 and −3.238 (Kurucz 2016) increase the silicon underabundance to [0.0] and to [−0.5], respectively. The underabundance of carbon in HR 6000 is at the lower limit of the carbon underabundances given for the sample. The overabundances of phosphorous and iron are at the upper limit of the overabundances of these elements in the sample of HgMn stars, while the overabundance of gallium is slightly below the lower limit of the gallium overabundance in the other HgMn stars. The other elements are all fully included within the abundance ranges spanned by the HgMn stars of the sample.
NLTE and stratification
The classical LTE abundance analysis of the ultraviolet spectrum of HR 6000 described in the previous sections has pointed out the presence of numerous abundance anomalies and inhomogeneities. We can therefore state a posteriori that a more refined theory is needed to predict a spectrum that fits the observations better than the spectrum we computed fits. Possible explanations for the observed abundance anomalies can be NLTE-effects and the occurrence of diffusion and vertical abundance stratification.
There are few NLTE studies available for stars in the temperature range from 10000 to 15000 K and these studies are mostly devoted to investigate lines in the optical and infrared regions. In fact, to explain the Si ii−Si iii anomaly observed in a set of late B-type stars, Baily & Landstreet (2013) performed a rather elaborate test to conclude that NLTE-effects in Si could be po- Fig. 1 . Differences between the abundance from a selected ion of a given element in HR 6000 and the solar abundance, as they are listed in col. 3 of Table 4 . The arrow for Na, Cl, Co, Zn, Ge, Sr, and Zr indicates an upper abundance limit. The vertical full line indicates the jump from Z=57 to Z=77, a range in atomic numbers for which no elements were observed in HR 6000. The errors can be inferred from col. 1 of Table 4 tentially important well below the conventional limit of T eff = 15000 K. However, they demonstrate that a vertical abundance stratification of silicon can also partly provide an explanation of the observed silicon anomaly. Hempel & Holweger (2003) concluded from a NLTE abundance analysis in the optical region of 27 optically bright B5-B9 main-sequence stars that elemental stratification due to diffusion is a common property of these stars.
A NLTE analysis of C i lines at 1657 Å and C ii lines at 1334-1335 Å performed by Cugier & Hardorp (1988) for mainsequence stars of spectral types A0 to B3, has shown remarkable NLTE effects on C i lines in π Cet, a star with stellar parameters close to those of HR 6000. The C i lines computed in NLTE are weaker and narrower than the LTE lines, so that a NLTE synthetic spectrum would improve the agreement between observations and computations in the case of HR6000. Instead, NLTE C ii lines have a narrower core than the LTE lines, but the difference in the wings is negligible. Therefore NLTE effects do not explain the very broad wings observed in HR 6000. More in general, Cugier & Hardorp (1988) have demonstrated that the resonance lines of C ii at 1335 Å are largely insensitive to effective temperature, microturbulence, and NLTE effects in late B-type stars.
Given the difficulty of discussing NLTE-effects in HR 6000 owing to the scarce sources available in the literaure for star of this spectral type, and because we do not have the tools to carry out non-LTE synthesis for this study, we consider here the hypothesis of vertical abundance stratification in more detail. We hope that this paper encourages investigators to perform studies on the NLTE effects on ultraviolet lines in HgMn and related stars. Ryabchikova et al. (2003) discuss spectroscopic observational evidence for the vertical abundance stratification in stellar atmospheres. In HR 6000 all these observational signs are present, and in particular, we find:
1. The impossibility to fit the wings and core of strong spectral lines with the same abundance. It was observed for He i in the optical region (Castelli & Hubrig 2007) , for C i and for the strong C ii and Si ii lines in the ultraviolet.
2. Violation of LTE ionization balance. This occurs in HR 6000
, and Au ii, Au iii (Table 3) .
3. Disagreement between the abundances derived from strong and weak lines of the same ion. In traditional atmospheric analysis, this trend is eliminated by introducing microturbulence. In the present case, abundances are typically lower for the strongest lines. This cannot be changed by taking a lower microturbulence, as we have already adopted a microturbulence of zero. The effect is present for all the elements with average abundances affected by a large mean square error. They are C i,
Sn ii, and Au ii (Table 2 ).
4. An unexpected behavior of high-excitation lines of the ionized iron peak elements. For λ > 5800 Å, emission lines were observed in HR 6000 for Cr ii, Mn ii, and Fe ii (Castelli & Hubrig 2007) . Sigut (2001) showed that NLTE effects coupled with a stratified manganese abundance satisfactorily accounts for the emissions from the Mn ii lines at λλ 6122-6132 Å observed in several HgMn stars, HR 6000 included.
5. Different abundances obtained from different lines of the same ion formed at a priori different optical depths, for example, before and after the Balmer jump, in the UV and visual spectral region. In addition to the possibility of different abundances for mercury, as discussed above, this anomaly was observed for Mg ii. The ultraviolet lines are consistent with the abundance of −5.45±0.09 dex, while the doublet at 4481 Å indicates an abundance of −5.7 dex.
Stratification may manifest itself in one or more of the ways enumerated. We call attention to cases where stratification is indicated by the profile of a single line (Item 1) or several lines (Items 2, 3, 4, and 5). Stratification is indicated by the line profiles in only a few cases. The various indicators may overlap in a given element (Silicon) or spectrum (Si ii).
We searched in more detail the presence of stratification for carbon, nitrogen, silicon, phosphorous, manganese, and gold. The lines of gallium have oscillator strengths that are too uncertain to be used, while yttrium has too few lines, none of which have wings.
We determined the atmospheric layers where the optical depth of several points of a given profile from the center to the wings is τ ν =1. Each profile was computed with the WIDTH code (Kurucz 2005) for the particular abundance determined from that line using the synthetic spectrum (Table A1 ). Among the several outputs of the WIDTH code there is the mass depth value (ρx) of the layer where τ ν =1 for each of the considered line profile points, as well as the average mass depth of the forming region of the line, defined as
where the integral is performed over the frequencies from center to wings and H ν (0) and H c (0) are the line and continuum Eddington flux at the stellar surface, respectively. For more details see Castelli (2005) .
As further step, in order to be consistent with other papers dealing with stratification, the mass depth scale (ρx) was converted to the continuum optical depth scale at λ=5000 Å (τ 5000 ). Finally, the abundance derived with the synthetic spectrum from each line was plotted as a function of log(τ 5000 ) aver , the average optical depth of line formation. Figs. 2a, 4a, 7a, 9, 10a , and 12a show these plots for carbon, nitrogen, silicon, phosphorous, manganese, and gold. This kind of approach, which is an indication of the presence of stratification for a given element, is similar to that used in others studies on this subject, although usually the optical depth in the line core is considered (Khalack et al. 2007 , Khalack et al. 2008 , Thiam et al. 2010 ) rather than the average optical depth adopted here. Qualitatively, we expect that stronger lines are formed higher in the photosphere than weaker lines. Since the current study is based on synthesis rather than equivalent widths, we use depth τ 5000 where the line profile optical depth is unity as a proxy for the line strength.
We carried out a series of simple experiments for some elements. We derived, by means of trial and error, an empirical step-like function of abundance versus log(τ 5000 ) for a given element. The adopted functions reduce the observed abundance anomalies when used in the synthetic spectrum computations. This basic approach is used for both anomalous line profiles and sets of lines with inconsistent abundances from the unstratified model. We do not claim that these functions are unique. In fact, only a more rigorous theoretical approach including the stratifi- cation on the temperature-pressure structure of the atmosphere could give an adequate answer concerning the origin of the observed abundances inhomogeneities.
Empirical step functions for the abundance of carbon, nitrogen, silicon, manganese, and gold are given in Figs. 2b, 4b, 7b, 10b, and 12b. These elements are now discussed.
Carbon
Several signs of possible vertical abundance stratification are present for carbon. Numerous C i lines can be observed in the ultraviolet, but most of them have profiles that cannot be reproduced by an unique abundance. In fact, they have a observed core that is too weak as compared to that of the computed profile whose wings fit the observed spectrum. The best fit abundance from C i individual lines ranges from −6.1 dex to −4.9 dex. The average abundance is −5.52±0.3 dex, which is consistent with the value −5.50 dex derived by Castelli et al. (2009) from the C ii lines at 4267.001 Å and 4267.261 Å. However, a plot of the C i abundance versus log τ 5000 (aver) does not shows any dependence of the abundance on the optical depth (Fig. 2a) .
For C ii, it is impossible to reproduce the resonance profile at λλ 1335.663, 1335.708 Å, with any abundance that is constant with depth. Either the core is fitted but not the wings or the wings are fitted but not the core. The same kind of anomaly affects the strong C ii profile at 1323.9 Å. We note that the C ii line at 1334.532 Å cannot be used for the abundance analysis because it is blended with a strong blue component of interstellar or circumstellar origin.
We were able to fit, at the same time, both the core and wings of C ii at 1335.663, 1335.708 Å with the carbon abundance profile, shown in Fig. 2b , obtained with trial and error.
In Fig. 3 the C i and C ii lines computed with both the average carbon abundance −5.5 dex and the abundance step function shown in Fig. 2b are plotted. They are compared with each other and with the observed spectrum. We point out that while the step function improves the agreement between the observed and computed spectra, as shown in Fig. 3 , some non-negligible inconsistencies are still present. In particular, the C ii line at 1323.9 Å is still poorly reproduced. As already discussed at the beginning of Sect. 4, we would like to stress that a NLTE analysis could clarify whether the C i anomalies are related with NLTE rather than a vertical abundance stratification. The N i and N ii lines computed both with a constant abundance −5.23 dex derived from the N ii lines and with the abundance step profile shown in Fig. 4b , are compared with and without stratification and with the observed spectrum in Fig. 5 and Fig. 6 , respectively. The effect of a depth-dependent abundance is large for the N i lines, while it does not affect the observed N ii lines.
Nitrogen:
We note that nitrogen is predominantly singly ionized in late B-star atmospheres, so that the analysis of N i could be particularly susceptible to NLTE effects in the ionization equilibrium. For N i as well as for C i a NLTE analysis is required to state the degree of reliability of the hypothesis of vertical abundance stratification for this element.
Silicon
A unique silicon abundance cannot be determined from the analysis of several silicon lines present such as Si ii, Si iii, and Si iv in the ultraviolet spectrum of HR 6000. In fact, the silicon abundance ranges from −8.35 dex to −6.0 dex. All the lines analyzed are collected in Table A.1. A plot of the silicon abundance versus log τ 5000 (aver) shows a dependence of the abundance on the optical depth, with upper layers more depleted than the deeper layers (Fig. 7a) .
A further significant illustration of the probable silicon stratification in HR 6000 is given by the Si ii lines at 1264.738 Å and 1265.002 Å which show a core that is consistent with an abundance of −8.35 dex and wings consistent with an abundance of −6.65 dex (Fig. 8) . This Si ii line was used to derive, by means of trial and error, the empirical stratification step profile given in The Alecian& Stift (2010) computations of diffusion of silicon in HgMn stars predict a stratification profile with a maximum underabundance between −0.75 dex and −2.0 dex for T eff between 14000 K and 12000 K, and log g=4. It occurs at log τ 5000 =−2.0. The empirical stratification profile shown in Fig. 7b implies a slicon underabundance that is much lower in the whole atmosphere than that predicted by Alecian & Stift (2010) .
Phosphorous
There are numerous lines of P i, P ii, and P iii in the spectrum of HR 6000, but they are all more or less blended in the ultraviolet, except for P i at 2136.182 Å, and 2149.142 Å and P ii at 2285.105 Å and 2497.372 Å. We used NIST log g f values for most P i lines and for the P ii lines of UV multiplet 2 at 1301-1310 Å. For the remaining P i, P ii, and P iii lines we adopted log g f values from the Kurucz (2016) database. For P ii, they do not differ more than 0.01 dex from the NIST values and cover a larger number of lines than the NIST database does.
The average abundances from the P i and P ii ultraviolet lines are −5.53±0.08 dex and −4.54±0.11 dex, respectively, so that they differ by 1.0 dex. Because all the ultraviolet P iii lines are blended, the P iii average abundance is rather uncertain. We assumed an upper limit of log(N P iii /N tot )≤−5.22±0.32 dex.
Castelli & Hubrig (2007) did not observe P i lines in the UVES spectrum, while several P ii and P iii unblended lines were measured. The observed cores of the strong P ii lines of mul- tiplet 5 at λλ 6024, 6034, and 6043 Å were so deep that they could not be fitted by the computations for any abundance. In this paper, we determined two average abundances from the optical P ii lines depending on whether they lie shortward or longward of 5200 Å. These average abundances are −4.57±0.1 dex and −4.32±0.09 dex, respectively. The average abundance from the optical P iii lines is −4.69±0.09. 9 . Phosphorous abundance versus log τ 5000 (aver); crosses are for P i, circles for P ii, triangles for P iii .
The difference of 1.0 dex, or even larger, between P i and P ii abundances and the increasing of the P ii abundance from about −4.65 dex at 4000 Å to about −4.3 dex at 6000 Å, led us to search for the presence of vertical abundance stratification for phosphorous.
In Fig. 9 , the P i, P ii, and P iii abundances derived from both ultraviolet and optical lines listed in Table A .1 are plotted as a function of log(τ 5000 )(aver). While there is a weak dependence on depth for P ii (circles), no dependence is present for P i (crosses), which seems to have been formed at the same layers as P ii and P iii, in spite of the abundance difference of 1 dex. We may speculate that a NLTE analysis of P i would explain the large departure from the ionization equilibrium observed for phosphorous.
Manganese
The spectrum of HR 6000 is very rich with Mn ii and Mn iii lines. The manganese abundance of −5.3 dex was obtained from the three Mn ii lines at λλ 2576, 2593, and 2605 Å, which were also adopted by Smith & Dworetsky (1993) in their abundances analysis of HgMn stars from IUE spectra. For HR 6000, we find the same abundance as Smith & Dworetsky (1993) .
Although the average abundance −5.29±0.21 dex reproduces almost all the lines examined, there are a few strong Mn ii lines with a computed core that is less deep than the observed core. They are indicated with the note "core" in the last column of Table A.1. Most Mn ii lines are affected by hyperfine structure. When hyperfine structure was taken into account in the computations a note "hfs" was added in the last column of Table A.1. To compute the hyperfine components we used the hyperfine constants measured by Holt et al. (1999) and by Townley-Smith et al. (2016) .
In order to find a good sample of Mn iii lines, we examined the lines with log g f values computed by Uylings & Raassen (1997) and extracted the isolated lines and the main components of blends from them (Table A.1). The difference between the log g f values from Uylings & Raassen (1997) and those computed by Kurucz (2016) are on the order of 0.05 dex, except for two lines at 1283.589 Å and 1287.584 Å for which the difference is 0.13 dex. The Mn iii abundance equal to −5.79±0.36 dex was derived using the Kurucz log g f values. Their general agreement with those from Uylings & Raassen (1997) supports the finding of 0.5 dex lower Mn iii abundance compared to the Mn ii value. Figure 10a shows the Mn ii and Mn iii abundances versus log τ 5000 (aver). A dependence of the Mn iii abundance (circles) on the optical depth is manifest, while the Mn ii abundance (crosses) is constant with depth. However, the abundance adopted for the strong lines did not fit the line center. An in- crease of the abundance or the microturbulent increases the wings rather than the line core.
The Alecian& Stift (2010) computations of the diffusion in HgMn stars predict for manganese a stratification profile with a behavior similar to that we derived for HR 6000, but for an overabundance about 2.5 dex larger. Fig. 10b compares the vertical abundance distribution as a function of log τ 5000 obtained by trial and error with that from Alecian & Stift (2010) , both in the original form and shifted by -2.5 dex in abundance. Figure 11 is an example of the better agreement between the observed and computed core achieved for a strong Mn ii line when the abundance step function is used in the computations.
Gold
There is a discrepancy of 1.0 dex between the gold abundance derived from the Au ii and Au iii lines.
Several Au ii lines can be observed in the spectrum of HR 6000, but only few of them are unblended, in particular the Au ii lines at 1740. 475, 1800.579, 2000.792, and 2082 .074 Å. The abundance from the line at 1800 Å is so high compared to that derived from the other lines that we suspect it is blended with some other unknown component. If we exclude this line, the average abundance from the three unblended lines of Au ii is −7.57±0.09 dex. However, the other blended lines are better reproduced by a lower value equal to −8.2 dex. This value also nicely fits the weak unblended line observed at 4052.790 Å in the UVES spectrum. Several Au iii lines, mostly blended, are pre- Fig. 11 . Mn ii line at 2933.054 Å computed with the average manganese abundance −5.29 dex (red line) and the abundance step function of Fig. 10b (blue line) . The computed spectra are superimposed on the observed spectrum (black line). The core of the line is well fitted by the abundance step function. The hyperfine structure is considered in the computations. dicted for −8.2 dex, but they are all stronger than the observed lines. The abundance from the Au iii lines ranges from −8.5 dex to an upper limit of −10 dex.
We conclude that gold is probably affected by the abundance stratification observed for some other elements as well. Figure 12a shows the Au ii and Au iii abundances versus log τ 5000 (aver). The figure shows a dependence of the abundance on the optical depth, with deeper layers more depleted than the upper layers, as for manganese. Figure 12b shows the empirical abundance stratification that we derived from Au ii and Au iii lines with trial and error. The abundance stratification reduces the gold abundance inhomogeneities observed in the spectrum.
Conclusions
This paper has extended to the ultraviolet the abundance analysis of HR 6000 performed by Castelli & Hubrig (2007) and Castelli et al. (2009) on high-resolution spectra in the optical region. In this way we obtained a panoramic view of the spectrum and abundances of all the species observed in this highly anomalous, ultrasharp-lined, non-magnetic, main-sequence, chemically peculiar star.
Thanks to ultraviolet analysis we increased the number of the elements for which abundances can be assigned, because some elements are only observable in the ultraviolet. Also some other elements, which were observed in only one ionization degree in the optical region, are present in more ionization degrees in the ultraviolet. In particular, ions not observed in the visible are :
Cd ii, In ii, Sn ii, Xe i, and Au iii.
The comparison of the average abundances of HR 6000 with those of other HgMn stars taken from the Ghazaryan & Alecian (2016) compilation has pointed out the strong underabundance of silicon, already found in other studies, followed by the underabundances determined from Co ii, Cu ii, Sr ii, and Zr iii. These elements put HR 6000 outside of the group of HgMn stars according to the abundances collected by Ghazaryan & Alecian We found in this paper that the striking silicon underabundance ([−2.80±0.26]) is not constant with depth, but that vertical abundance stratification accounts for most of the abundance anomalies observed for this element in the ultraviolet. It was modeled with an empirical step function with abundances ranging from −5.35 dex at the bottom of the atmosphere to −9.35 dex at the top of the atmosphere. We examined the possibility of abundance stratification also for some other elements which either do not meet the ionization balance requirement, such as nitrogen, phosphorous, manganese, and gold, or show strong broad profiles that cannot be fitted by an unique abundance, such as C ii at λλ 1335.663, 1335.708 Å. For all these elements, except for carbon and phosphorous, we found both a dependence of the abundance on the optical depth and an empirical abundance profile, which reduces the disagreement between the observed and computed spectra when it is adopted in the synthetic spectrum computation. For carbon, we found an empirical stratified abundance profile which roughly fits both the core and wings of C ii at λλ 1335.663, 1335.708 Å, reduces the disagreement between a few observed and computed C i profiles, but still does not explain other discrepancies, in particular that for C ii at 1323.9 Å. For phosphorous, we pointed out a weak dependence of the P ii abundance on the optical depth, but the presence at the same depths of P i and P ii lines with abundances differing by 1 dex, has hampered any determination of some empirical abundance stratification profile.
Other elements could be affected by abundance stratification, such as, for instance, yttrium and gallium, which were not analyzed here because there were too few observed lines or their log g f values were uncertain. There are other elements that do not show any sign of vertical stratification. This is true for iron in spite of its high overabundance.
In this paper we estimated abundance stratification profiles for C , N , Si , Mn , and Au in an empirical way by using the trial and error method. We are aware that a more rigorous approach should be used, taking into account either an empirical abundance stratification on the temperature-pressure structure of the model atmosphere (Nesvacil et al. 2013) or including the diffusion velocities in the model atmosphere computations (Alecian & Stift 2010; Stift & Alecian 2012) . Last but not least, NLTE effects on the HR 6000 abundances should be investigated. We note that while numerous NLTE analyses were performed for stars hotter than 15000 K and stars cooler than 10000 K, very few and sparse work on NLTE has been carried out in the temperature range covered by the HgMn stars and, in particular, for the ultraviolet region.
1306.020 Å. The resonance line at 1302.168 Å is blended with a strong interstellar or circumstellar component that is blueshifted by about 0.05 Å, so that only the red part of the profile is closely predicted. Although oxygen is marginally underabundant We extracted a set of unblended lines from the numerous Fe iii lines observed in the ultraviolet spectrum (Table A.1). The average abundance −3.78±0.14 dex agrees within the error limits with the Fe ii abundance. We finally adopted the value −3.65±0.09 dex deduced by Castelli et al. (2009) Germanium (Ge) Z=32: Ge ii lines were not observed in the spectrum. The solar germanium abundance was decreased to to −9.64 dex to fit the spectrum at the position of the groundconfiguration line of Ge ii at 1649.194 Å. Because the line at 1261.905 is still predicted as a strong line for this abundance, the germanium abundance was further lowered to −10.64 dex.
Arsenic (As) Z=33: The As ii line at 1375.07 Å is predicted for a solar arsenic abundance as minor component in a blend with Ti ii which closely fits the observed spectrum. Because other As ii lines were neither observed nor predicted, we adopted the solar abundance −9.74 dex for arsenic.
Strontium (Sr) Z=38:
No Sr ii lines were observed in the whole spectrum from ultraviolet to the optical regions. We adopted the upper limit −10.07 dex derived from the absence of Sr ii at 4077. Gold (Au) Z=79: see the main paper. Mercury (Hg) Z=80: Castelli et al. (2009) derived an abundance of −8.20 dex from a weak structure observed at 3983.9 Å that they interpreted as due to Hg ii affected by an isotopic anomaly. However, this abundance cannot be confirmed by the clearly observable Hg ii lines at 1649.937 Å and 1942.273 Å, which both yield the abundance of −9.6 dex, i.e., an overabundance of [+1.27]. The lower Hg ii abundance is not in conflict with the abundances from a few Hg iii lines that are predicted as minor components of blends. An example is Hg iii at 1647.471 Å.
In the Ghazaryan & Alecian (2016) compilation only 53 Tau has an overabundance of mercury that is lower than that of HR 6000. Hg ii −9.60 +1.27 +1.06 
